Objective Sleep-disordered breathing (SDB) is a potential risk factor for cardiac sudden death. Recent studies have reported that patients with type 2 diabetes mellitus (T2DM) frequently suffer from SDB. Although the roles of hyperglycemia, disturbances of the autonomic nervous system and obesity have been postulated, the factors related to SDB in T2DM, especially those related to improvement of SDB remain unknown. We investigated the significance of waist circumference (WC), representing excess visceral fat, body mass index (BMI), glycemic control and other clinical parameters on SDB in T2DM. Methods and Subjects Forty inpatients received treatment for T2DM. Overnight cardiorespiratory monitoring and laboratory tests were conducted before and after treatment of T2DM. Results The apnea-hypopnea index (AHI) at admission correlated positively with BMI, neck circumference, WC, and systolic and diastolic blood pressures, but not with Log 1,5-anhydro-D-glucitol (1,5-AG) and presence or absence of diabetic neuropathy. Stepwise multiple regression analysis identified BMI and WC as significant determinants of AHI. After 2 or 3 weeks of glucose-lowering therapy, hyperglycemia was controlled and significant reductions in AHI, BMI, WC, 1,5-AG, leptin, high-sensitivity C-reactive protein (hs-CRP), and an oxidative stress marker, thiobarbituric acid reactive substances (TBARS) were observed. The fall in AHI correlated significantly with changes in WC independent of BMI, 1,5-AG, leptin, hs-CRP, and TBARS. Conclusion Our results demonstrated that reduction of WC correlated with improvement in SDB independent of glycemic control in T2DM, and that abdominal obesity might be a target for the treatment of SDB and prevention of potential cardiovascular diseases in T2DM.
Introduction
Sleep-disordered breathing (SDB), especially the sleep apnea-hypopnea syndrome, is a risk factor for traffic accidents (1), sudden death (2) and atherosclerotic cardiovascular events (3) . Recent work has also demonstrated that SDB is frequently associated with type 2 diabetes mellitus (T2DM) (4) (5) (6) (7) (8) (9) (10) (11) (12) . Therefore, the diagnosis and treatment of SDB are important in order to prevent cardiac death in T2DM.
In SDB, activation of the sympathetic nervous system, stress associated with repetitive hypoxemia, production of reactive oxygen species, and inflammatory and thrombotic processes are postulated as potential mechanisms of atherosclerotic vascular changes (13) (14) (15) . Furthermore, these processes are hypothesized to worsen insulin resistance (16) . However, the etiological factors involved in the development of SDB in T2DM remain unclear. Profound hyperglycemia, dysregulation of the autonomic nervous system and the presence of obesity are postulated.
In obese patients, SDB is related to visceral obesity rather than subcutaneous obesity (17) (18) (19) . Excess visceral fat may restrict diaphragm dynamics during sleep and forced breathing may result in collapse of the airway. Excess visceral fat also equates with adipocyte dysfunction (20) . The inflammatory changes and oxidative stress in adipose tissue trigger dysregulation of adipocytokines, which enhance insulin resistance and atherosclerotic vascular changes (21) . Recently, we found that circulating levels of adiponectin were low and further decreased during sleep in patients with severe obstructive sleep apnea-hypopnea syndrome and abdominal obesity (22) , in part due to hypoxic stress in visceral adipose tissue compared with subcutaneous adipose tissue (23) . The association of SDB with visceral fat accumulation may accelerate these processes.
The average body mass index (BMI) of Japanese patients with T2DM is lower than in Caucasians (24) . The number of T2DM Japanese patients with visceral fat accumulation may be increasing even though they are only mildly obese, as defined by BMI (25, 26) . In the present study, we investigated the significance of waist circumference (WC, as an index of visceral fat accumulation), BMI, glycemic control and other clinical parameters on SDB in T2DM to clarify a target for the treatment of SDB and prevention of potential cardiovascular diseases in these patients.
Patients and Methods

Patients
One hundred nineteen subjects February 2009 to January 2010 (64 men and 55 women; age 60.6±1.3 years, mean± SEM, range 24-89, BMI 27.2±0.6 kg/m 2 , range 17.9-52.0) were admitted to the Department of Metabolic Medicine, Osaka University Hospital, for glycemic control during the period from February 2009 to January 2010. Among them, the study subjects were 40 consecutive Japanese patients with T2DM who gave consent and underwent all-night cardiorespiratory monitoring for the present study ( 
Study protocol
Each participant underwent all-night cardiorespiratory monitoring from 9:00 PM within 3 days after admission. After hospitalization, all diabetic patients were treated by oral hypoglycemic agents or insulin injection, or diet alone, for at least one week until fasting plasma glucose level fell below 140 mg/dL. Diet was adjusted by calorie intake per day [25 kcal×ideal body weight (kg): 22×height (m) 2 ], and patients were encouraged to exercise (about 10,000 steps per day). A second all-night cardiorespiratory monitoring was subsequently performed at 19.6±1.5 days after the first study (range 8-41 days). Venous blood samples were collected after overnight fasting in the morning after the first and second all-night monitoring. Excessive daytime sleepiness was assessed using the Epworth Sleepiness Scale (ESS) (27) within 3 days after admission.
Cardiorespiratory monitoring
Cardiorespiratory monitoring (Somté, Compumedics, Melbourne, Australia) included a pressure sensor for nasal airflow, 2 stress-sensitive belts (for rib cage and abdomen), a body position sensor, pulse oximetry, and electrocardiograph from 9 PM to 6 AM to assess the severity of SDB, as reported previously (12) . The recorded signals were analyzed for the number of apneas and hypopneas (28) . The duration of sleep was estimated using the self-reported sleep time and the recording data. The oxygen desaturation index (ODI), lowest oxygen saturation, average oxygen saturation, and time at desaturation <90% in minutes of total bedtime for the entire night were measured. Apnea represented a decrease in the amplitude of airflow signal or thoracoabdominal motion to <10% of the baseline for at least 10 seconds. Hypopnea was defined as a decrease in airflow or respiratory effort to <70% of baseline for at least 10 seconds associated with >4% desaturation but did not meet the criteria for apnea. The apnea-hypopnea index (AHI) was defined as the total number of apneas/hypopneas per hour of sleep time (29) . An AHI !5 established the diagnosis of SDB. All recordings were scored manually by an experienced polysomnographer as described in detail previously (12) .
We analyzed the low frequency band (LF: 0.04 to 0.15 Hz), which is influenced by sympathetic activity, and on the high frequency component (HF: 0.15 to 0.40 Hz), which is under vagal control, is synchronous with respiratory frequency, and represents vagal heart activity (30) . The LF/HF ratio reflects sympathovagal modulation. Because the total frequency includes the sum of very low, low and high frequency power, the total frequency values were not included in this analysis.
Anthropometry and laboratory measurements
Height, weight, neck circumference and WC were measured in standing position. Neck circumference at the level of the cricothyroid cartilage and WC at the umbilical level were measured with a non-stretchable tape in late expiration while standing (in cm). BMI was calculated [=weight (kg)/ height (m) 2 ]. Blood pressure was measured with a standard mercury sphygmomanometer on the right arm after the subjects had rested in a sitting position for at least 10 minutes.
Hypertension was defined as systolic blood pressure !140 mmHg, diastolic blood pressure !90 mmHg, or treatment for hypertension. Patients with a previous diagnosis of dyslipidemia and hypertension who were on medications for any of these conditions were included in this study. Dyslipidemia was defined as low-density lipoprotein-cholesterol (LDL-C) concentration of >140 mg/dL, triglyceride (TG) concentration >150 mg/dL, high-density lipoprotein-cholesterol (HDL-C) concentration <40 mg/dL, and/or treatment for dyslipidemia. Metabolic syndrome was defined based on the published criteria of the metabolic syndrome for the Japanese population (31) . Diabetic retinopathy was assessed by an ophthalmologist. Patients with overt diabetic nephropathy represented those with urinary albumin of >300 mg/ day. Diabetic peripheral neuropathy represented the presence of two of the following three clinical findings: 1) subjective symptoms in lower extremities (pain, numbness, itchiness, coldness, warmness, and weakness), 2) reduction or absence of deep tendon reflex in the both Achilles tendons, and 3) loss of vibration sensation in both lower extremities. Loss of vibration sensation was diagnosed when the duration of vibration sensation was <10 seconds using 128-Hz tuning fork placed on the medial malleolus.
Venous blood samples were collected in the morning after overnight fast for measurements of hemoglobin, creatinine, hemoglobin A1c (HbA1c) (Japan Diabetes Society; JDS), total cholesterol, HDL-C, TG, glycoalbumin, 1,5-anhydro-Dglucitol (1,5-AG), glucose, immunoreactive insulin (IRI), CPR (C peptide immunoreactivity). LDL-C was calculated using the Friedewald formula. For the purpose of the present study, blood samples that were obtained from each patient and stored at -20 , were thawed and assayed for adiponectin (Adiponectin ELISA Kit, Otsuka Pharmaceutical Co., Tokushima, Japan) (32), leptin (Human Leptin RIA kit, Linco Research, St. Louis, MO), interleukin 6 (IL6) (QuantiGlo Human IL-6 Immunoassay, R&D Systems, Minneapolis, MN), monocyte chemotactic protein-1 (MCP1) (Quantikine Human CCL2/MCP-1 Immunoassay, R&D Systems), high-sensitivity C-reactive protein (hs-CRP) (N-Latex CRP II, Dade Behring Inc, Marburg, Germany), thiobarbituric acid reactive substances (TBARS) (Japan Institute for the Control of Aging, Nikken SEIL Co., Shizuoka, Japan), and brain natriuretic peptide (BNP) (MI02 Shionogi BNP (Human BNP Kit), Shionogi Co., Osaka, Japan). The homeostasis model assessment of insulin resistance (HOMA-IR) was calculated using the following formula: HOMA-IR=[(fasting IRI mU/L × fasting glucose mg/dL)/405]. Urinary CPR was measured in urine collected over a 24-hour period. Patients on medications known to increase serum adiponectin levels, such as pioglitazone (33) , and patients with renal dysfunction (creatinine >1.5 mg/dL) were excluded from this study, because renal dysfunction is reported to alter serum adiponectin level (34) .
Statistical analysis
Data are presented as mean±SEM. Data of 1,5-AG and hs-CRP levels showed skewed distribution and were thus log-transformed before analysis. Differences between two groups were compared by Student's t-test or Mann-Whitney U-test. Relationships between two continuous variables were analyzed using scatter plots ( Fig. 1 ) and Pearson's correlation coefficient. Stepwise multiple regression analysis was conducted to identify those parameters that significantly contributed to AHI. Parameters with a p value of <0.05 were subsequently entered into the regression analysis as independent variables. In all cases, 2-tailed p values were used and p values of <0.05 were considered statistically significant. All analyses were performed with the JMP 8 (SAS Institute, Cary, NC). Table 1 , 2 summarize the characteristics of the patients enrolled in this study. The frequency of SDB in patients with T2DM was 90%, similar to the results reported in our previous study in a different group of patients hospitalized for poorly controlled T2DM (12) . The average score of ESS was 10.4 for the group. The frequency of sleep apnea syndrome with excessive daytime sleepiness (ESS !11) among the patients with T2DM was 40% (n=16/40). Table 3 lists the correlation coefficients for the relationship between AHI and various parameters. AHI, determined at the first cardiorespiratory study, correlated positively with BMI, neck circumference, WC, complications of the metabolic syndrome, and systolic and diastolic blood pressures, and tended to correlate with serum log hs-CRP (p=0.05) and leptin (p=0.05). However, there was no correlation between AHI and the duration of DM, ESS scores, 1,5-AG (Table 3) , HbA1c and glycoalbumin (p=0.59, p=0.26, respectively, data not shown). Stepwise multiple regression analysis identified BMI (multivariate BMI) and WC (multivariate WC) as significant determinants of AHI, whereas 1,5-AG, presence or absence of autonomic disturbance, neck circumference, complications of the metabolic syndrome were not significant (Table 3) .
Results
Characteristics of patients (n=40)
Relationship between AHI and various parameters (n=40)
Parameters related to changes in AHI after T2DM therapy (n=31)
Next, 31 patients (17 males and 14 females; 57.9±2.2 years) were included in a sub-study to investigate the parameters related to changes in AHI recorded at admission and before discharge (duration of hospitalization, average 19.6 days, range 8-41, median±interquartile range 17±13). The other 9 patients were excluded from the study because of early discharge. Although patients were diagnosed with SDB, they were treated for T2DM but not with nasal continuous positive airway pressure. The individual data are shown in Table 4 . There were significant reductions in BMI, WC, fasting glucose, 1,5-AG, glycoalbumin, HbA1c, LDL-C, serum leptin, hs-CRP, and TBARS levels. The AHI was lower at discharge than admission. There were no significant changes in serum adiponectin, IL-6, and plasma MCP1 levels during hospitalization. We investigated the relationships between changes in AHI and several parameters, which showed significant changes at discharge ( Table 4 ). The ΔAHI correlated positively with ΔWC (r=0.53, p<0.01, Fig. 1B ), but not with ΔBMI (Fig. 1A) or Δ1,5-AG (Fig. 1C) . Furthermore, ΔAHI was not correlated with changes in serum adiponectin, leptin, hs-CRP or TBARS (data not shown).
Discussion
The present study showed that WC and BMI were correlated with AHI independent of glucose levels and neuropathy in patients with T2DM. More importantly, the extent of WC reduction correlated with improvement in SDB independent of glycemic control after short-term hospitalization for treatment of T2DM.
Recently, obesity has been considered as a trigger of a variety of lifestyle-related disorders such as T2DM, dyslipidemia, hypertension, hyperuricemia, non-alcoholic steatohepatitis, chronic kidney disease, sleep apnea-hypopnea syndrome and life-threatening atherosclerotic cardiovascular diseases (35) (36) (37) . Substantial evidence demonstrated that the association of these disorders in obesity is related to body fat distribution rather than absolute body weight (17, (38) (39) (40) (41) (42) (43) (44) . Accumulation of intra-abdominal visceral fat significantly contributes to the association of these disorders (45) . WC is widely-used as a conventional index for excess visceral fat and/or abdominal obesity. In East and South Asian countries, people have a variety of lifestyle-related disorders despite relatively lower BMI compared to Caucasians, suggesting the importance of excess visceral fat in these populations (46, 47). We reported previously that hospitalized T2DM patients frequently have SDB (12) . In the present study, we found that WC was correlated with AHI independent of BMI (Table 3). Furthermore, improvement in AHI correlated significantly with reduction of WC, but not in BMI (Fig. 1) . These findings indicate that excess intraabdominal fat is more important than absolute body weight for the association of SDB even though the patients had mild obesity.
The hypothesis that hyperglycemia per se plays an important role in the development of SDB is fascinating. It is also interesting that functional disturbance of the autonomic nervous system associated with diabetic neuropathy may worsen the regulation of breathing. However, we could not find any significant relationship between AHI and glycemic control or presence of diabetic neuropathy. Further studies on the effect of long-term control of blood glucose level or evaluation of autonomic nervous system activity will be necessary in the future.
The adipose tissue, i.e., masses of adipocytes, is present in many areas of the human body. Adipocytes produce and secrete a variety of bioactive substances called adipocytokines (48) . However, accumulation of visceral fat results in adipocyte dysfunction (49) , infiltration of macrophages into the adipose tissue (50) (51) (52) , and the production of reactive oxygen species locally in the adipose tissue (21) . Under such an environment, serum levels of hs-CRP, systemic oxidative stress (53) , and leptin are elevated, whereas adiponectin, an adipocytokine with anti-inflammatory, antidiabetic and anti-atherogenic properties, is decreased in subjects with visceral fat accumulation (54) . In the present study, the levels of circulating leptin, adiponectin, and IL6 on admission were significantly correlated with BMI (r= 0.68, p<0.01; r=-0.42, p<0.01; r=0.43, p<0.01; respectively, data not shown), and WC (r=0.70, p<0.01; r=-0.42, p<0.01; r=0.39, p<0.05; respectively, data not shown), but circulating MCP1 levels were not correlated. The percent changes in these parameters, particularly leptin, between admission and discharge were significantly correlated with ΔBMI (r=0.44, p<0.05) and ΔWC (r=0.36, p<0.05) (data not shown). Taken together, dysregulated production of cytokines in T2DM patients with SDB may relate to poor glycemic control with weight gain, rather than SDB. SDB and dysregulation of adipocyte-derived factors in subjects with abdominal obesity may independently and synergistically contribute to the development of cardiovascular diseases. Further long-term study should be conducted in the future.
In conclusion, we described here that reduction of WC was correlated with improvement in SDB in Japanese T2DM patients, suggesting that any program designed to prevent cardiovascular disease in diabetic patients should include continuous evaluation of SDB and WC. Longer observational and interventional trials should be conducted to assess the effect of WC reduction on the incidence of cardiovascular events in diabetic patients with SDB.
Study limitations
Several limitations of this study must be considered. First, we assessed the severity of SDB in 40 hospitalized patients with T2DM by all-night cardiorespiratory monitoring on two occasions (within 3 days after admission and at 19.6±1.5 days after the first study) during intensive T2DM treatment. However, the number of patients may be still small, and further investigations might be required to confirm the present results. Also, there might be a selection bias for the severity of T2DM since they were the ones who required hospital admission. The patients might have relatively higher BMI and larger WC compared to the average physical constitution of Japanese patients with T2DM. Second, all patients in this study were Japanese and any differences from other ethnicities are unknown. Third, although patients were diagnosed with SDB, they were treated for T2DM but not with nasal continuous positive airway pressure, which is the golden standard treatment of obstructive sleep apnea. It is because the aim of this study was to compare the effect of glycemic control on changes in SDB and SDB-related parameters from admission to discharge after anti-diabetes therapy in patients hospitalized with T2DM. Fourth, the current uncontrolled study demonstrated that changes in AHI did not correlate with changes in 1,5-AG, possibly because the glycemic level improved in all participants by intensive glucose lowering therapy. Further controlled studies of blind and randomized design are required. Fifth, although we used WC to evaluate visceral fat accumulation in the present study, research on both visceral and subcutaneous fat area measured by computed tomography scan is needed to clarify the effect of visceral and subcutaneous adiposity on AHI. Finally, we screened for SDB using type 3 cardiopulmonary monitoring. All recordings were subsequently scored manually by an experienced registered polysomnographer, using a simplified cardiorespiratory monitoring device (28) . Devices without the electroencephalogram cannot record the sleep stage. Further investigation using a full polysomnography might be required to confirm the present results. 
